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Description

TECHNICAL FIELD

Cross-reference to Related Applications

[0001] This application claims the benefit of Korean Patent Application No. 10-2022-0091301, filed on July 22, 2022, in
the Korean Intellectual Property Office, the disclosure of which is incorporated herein in its entirety by reference.

Technical Field
[0002] The present invention relates to a method for producing a silica aerogel blanket having excellent surface
modification efficiency and high hydrophobicity while not containing residual chlorine, and to a silica aerogel blanket

produced thereby and not containing residual chlorine.

BACKGROUND ART

[0003] An aerogel is a super-porous, high specific surface area (=500 m2/g) material having a porosity of about 90 % to
99.9% and a pore size in the range of 1 nm to 100 nm, and is a material having excellent properties of ultra-light weight,
super thermal insulation, ultra-low dielectric, and the like. Accordingly, research on the development of aerogel materials
as well as research on the practical use thereof as transparent insulation materials, environmentally friendly high
temperature insulation materials, ultra-low dielectric thin films for highly integrated devices, catalysts and catalyst carriers,
electrodes for super capacitors, and electrode materials for seawater desalination have been actively conducted.
[0004] The biggest advantage of an aerogel is that the aerogel has super-insulation properties exhibiting a thermal
conductivity of 0.300 W/m-K or less, which is lower than that of an organic insulation material such as conventional
Styrofoam. In addition, fire vulnerability and the generation of harmful gases in case of fire which are fatal weaknesses of
an organic insulation material may be solved.

[0005] However, since the preparation process thereof is complex and the preparation cost thereof is high, aerogel is
used only for extremely limited uses, despite having such excellent material properties. In addition, due to its high porosity,
aerogel has very poor mechanical strength, so thatthere is a disadvantage in that aerogel is prone to break even by a minor
impact. Therefore, in recent years, an aerogel blanket complexation technique has been studied to compensate for the
above disadvantages of aerogel itself and enable processing in various forms.

[0006] Anaerogel blanketis an aerogel material subjected to complexation and made in the form of a mattress or sheet,
and has characteristics of being bent, folded, or cut due to the flexibility thereof. Therefore, the aerogel blanket may be
applied to pipe insulation, clothing, or the like, and various industrial applications thereof are also possible. The aerogel
blanket has flexibility since it is a composite composed of fiber and aerogel. The fiber serves to reinforce the flexibility and
mechanical strength of the aerogel blanket, and the aerogel imparts thermal insulation properties due to its porosity. Itis a
key complexation technique of the aerogel blanket in that features of the fiber and features of the aerogel are complexed to
strength the advantages of the fiber and the aerogel and compensate for the disadvantages thereof.

[0007] Such an aerogel blanket is a new material superior in heat resistance and thermal insulation to polystyrene foam
or polyurethane foam, which is a conventional polymer insulation material, and is attracting attention as a high-tech
material capable of solving energy saving and environmental problems to be unfolded in the future.

[0008] Asilica aerogel blanket is produced by performing gelation by mixing a fiber with a silica sol obtained from water
glass, followed by aging, surface modifying, and drying, wherein the surface modification is performed by adding an acid
catalyst together with a hydrophobizing agent after the silica sol is impregnated into the fiber. At this time, the hydro-
phobizing agent is not miscible with water, and thus, has no reactivity with a wet gel, especially a hydrogel obtained by
gelling water glass, so that a method of solvent substitution with an amphiphilic organic solvent such as ethanol has been
used, or a method of using a trimethylchlorosilane (TMCS) hydrophobizing agent, thereby using HCI produced therefrom
as a catalyst for a reaction has been used, but the solvent substitution with an amphiphilic organic solvent requires a long
time for the solvent replacement, and a large amount of diluted organic solvent is produced, and the method of using a
trimethylchlorosilane (TMCS) hydrophobizing agent produces HCI, causing Cl to remain in a final silica aerogel blanket.
[0009] Since the chlorine remaining in the silica aerogel blanket causes corrosion, it is necessary to develop a method
for producing a silica aerogel blanket having high hydrophobicity by a method that has excellent surface modification
efficiency but does not produce residual chlorine.

[Prior Art Document]
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[Patent Document]
[0010] (Patent Document 1 US 5,789,075 B

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0011] An object of the presentinvention is to provide a method for producing a silica aerogel blanket, wherein the silica
aerogel blanket has excellent surface modification efficiency, and does not contain residual chlorine, which excludes a
corrosion problem which may be caused thereby when applying the silica aerogel blanket, thereby exhibiting excellent
stability.

[0012] Another object of the present invention is to provide a silica aerogel blanket not containing chlorine.

TECHNICAL SOLUTION

[0013] In order to achieve the above objects, the present invention provides a method for producing a silica aerogel
blanket and the silica aerogel blanket.

[1] The presentinvention provides a method for producing a silica aerogel blanket, the method including 1) preparing a
silica sol containing a water glass solution, 2) impregnating the silica sol into a substrate for a blanket, 3) preparing a
wet gel by gelling the silica sol while the silica sol is impregnated into the substrate for a blanket, 4) immersing the wet
gelin an acid mixture aqueous solution containing acetic acid and an acid catalyst and surface modifying the wet gel
with an alkyldisiloxane-based compound, and 5) drying the surface-modified wet gel, wherein in Step 4) above, the
acetic acid is used in an amount of 0.5 L to 10 L per 1 L of the wet gel, and the acetic acid concentration (w/w%) after
Step 4) above is 30% to 90%.

[2] In [1] above, the present invention provides a method for producing a silica aerogel blanket, wherein the acid
catalyst is one or more selected from the group consisting of nitric acid, sulfuric acid, P-toluenesulfonic acid,
methanesulfonic acid, and trifluoromethanesulfonic acid.

[3]In[1] or [2] above, the present invention provides a method for producing a silica aerogel blanket, wherein the acid
catalyst concentration (w/w%) after Step 4) above is 3% to 10%.

[4] In any one of [1] to [3] above, the present invention provides a method for producing a silica aerogel blanket,
wherein the acid catalyst comprises nitric acid, sulfuric acid, or a mixture thereof, and the acid catalyst concentration
(Ww/w%) after Step 4) above is 5% to 10%.

[5] In any one of [1] to [4] above, the present invention provides a method for producing a silica aerogel blanket,
wherein the acid catalyst comprises one or more selected from the group consisting of P-toluenesulfonic acid,
methanesulfonic acid, and trifluoromethanesulfonic acid, and the acid catalyst concentration (w/w%) after Step 4)
above is 3% to 10%.

[6] In any one of [1] to [5] above, the present invention provides a method for producing a silica aerogel blanket,
wherein in Step 4) above, a process of adding additional toluene to the wet gel is performed prior to the surface
modification.

[7] In any one of [1] to [6] above, the present invention provides a method for producing a silica aerogel blanket,
whereinin Step 4) above, after the process ofimmersing the wet gel in the acid mixture aqueous solution is completed,
the process of performing surface modification with the alkyldisiloxane-based compound is sequentially performed.
[8] In any one of [1] to [7] above, the present invention provides a method for producing a silica aerogel blanket,
whereinin Step 4) above, the acid mixture aqueous solution and the alkyldisiloxane-based compound are sequentially
introduced into the wet gel, or the acid mixture aqueous solution and the alkyldisiloxane-based compound are
simultaneously introduced into the wet gel.

[9] In any one of [1] to [8] above, the present invention provides a method for producing a silica aerogel blanket,
wherein in Step 4) above, the alkyldisiloxane-based compound is added in a volume ratio of 1 to 3 times based on the
volume of the wet gel.

[10] In any one of [1] to [9] above, the present invention provides a method for producing a silica aerogel blanket,
wherein the alkyldisiloxane-based compound is hexa(C,_g alkyl)disiloxane.

[11] In any one of [1] to [10] above, the present invention provides a method for producing a silica aerogel blanket,
wherein the method for producing a silica aerogel blanket is performed under the chlorine-free condition.

[12] The presentinvention provides a silica aerogel blanket having a thermal conductivity of 12 mW/mKto 19 mW/mK,
and a ClI content of 0 ppm to 500 ppm.

[13] In[12] above, the present invention provides a silica aerogel blanket, wherein the silica aerogel blanket has a Cl
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content of 0 ppm to 200 ppm.

ADVANTAGEOUS EFFECTS

[0014] A method for producing a hydrophobic silica aerogel according to the presentinvention may manufacture a silica
aerogel blanket having excellent surface modification efficiency, and high hydrophobicity while not containing residual
chlorine, and thus, may be usefully applied in industries which require the same, particularly, industries which require a
silica aerogel having high hydrophobicity or industries which require a silica aerogel having various ranges of hydro-
phobicity.

MODE FOR CARRYING OUT THE INVENTION

[0015] Hereinafter, the present invention will be described in more detail to facilitate understanding of the present
invention.

[0016] It will be understood that words or terms used in the specification and claims shall not be interpreted as the
meaning defined in commonly used dictionaries, and it will be further understood that the words or terms should be
interpreted as having a meaning thatis consistent with their meaning in the context of the relevant art and the technical idea
of the invention, based on the principle that an inventor may properly define the meaning of the words or terms to best
explain the invention.

[0017] Ingeneral, a silica wet gel produced using water glass has a form in which pores are filled with water which is a
solvent, and when the solvent is simply dried to be removed, the solventin a liquid phase vaporizes into a gaseous phase
and due to the high surface tension of water at a gas/liquid interface, it is likely that contraction and cracking occurs in the
structure of the pores, thereby causing the reduction in surface area and change in the structure of the pores. Accordingly,
in order to maintain the pore structure of the wet gel, itis necessary to substitute water having a high surface tension with an
organic solvent having a relatively low surface tension, and there is a need for a technique for washing and drying a wet gel
without causing the contraction thereof while maintaining the structure of the wet gel.

[0018] In addition, the dried silica aerogel maintains a low thermal conductivity rate just after being dried, but absorbs
water in the air due to the hydrophilic properties of a silanol group (Si-OH) on the surface of silica, thereby having a
disadvantage in that the thermal conductivity is gradually increased.

[0019] Therefore, in order to reduce the shrinkage and cracking of the pore structure due to the high surface tension of
water at the gas/liquid interface when drying the silica wet gel, and to maintain low thermal conductivity by reducing the
water absorption rate of the dried silica aerogel, itis necessary to modify the surface of the silica aerogel to be hydrophobic.
Therefore, a method for modifying the surface of a silica aerogel to be hydrophobic using a surface modifier has been
widely used.

[0020] Inorderto modify the wetgel to be hydrophobic, one or more surface modifiers selected from the group consisting
of trimethylchlorosilane (TMCS), hexamethyldisilazane (HMDS), dimethyldiethoxysiloxane (DMDES), hexamethyldisi-
loxane (HMDSO), and trimethylethoxysilane (TMES) are typically used.

[0021] When hexamethyldisilazane (HMDS), trimethylethoxysilane (TMES), dimethyldiethoxysiloxane (DMDES), or
hexamethyldisiloxane (HMDSO) is used among the above surface modifiers, the surface modifier does not mix with water,
and thus, has no reactivity with a wet gel, especially a hydrogel obtained by gelling water glass, so that a process is
performed wherein the hydrogel is first converted into an organic gel by the solvent substitution using an amphiphilic
organic solvent such as ethanol, and then surface modified into a hydrophobic group by being reacted with the surface
modifier. In the case of such amethod, there is adisadvantage in that the solvent substitution requires along time to convert
the hydrogel into the organic gel, and a large amount of diluted organic solvent is produced.

[0022] Meanwhile, when trimethylchlorosilane (TMCS) is used among the above surface modifiers, the surface modifier
has reactivity with a wet gel or hydrogel, so that the solvent substitution process may be excluded, but there is a
disadvantage in that all the remaining trimethylchlorosilane is converted into hexamethyldisiloxane (HMDSO) and
become deactivated after the surface modification.

[0023] Therefore, in order to overcome the disadvantage of using trimethylchlorosilane (TMCS) alone, a method has
been developed wherein trimethylchlorosilane (TMCS) is mixed with hexamethyldisiloxane (HMDSO) at a small ratio and
used to perform surface modification by converting hexamethyldisiloxane, which is an inactive species, to trimethyl-
chlorosilane by using HCI produced from trimethylchlorosilane as a catalyst.

[0024] However, in both the method of using trimethylchlorosilane and the method of mixing trimethylchlorosilane with
hexamethyldisiloxane (HMDSO), trimethylchlorosilane produces HCI after the surface modification reaction as shown in
Reaction Equation 1, so that there is a problem in that some of chlorine remains in a silica aerogel blanket finally obtained,
causing corrosion (corrosion under insulation (CUI)).

[0025] Meanwhile, instead of using the method of mixing trimethylchlorosilane with hexamethyldisiloxane (HMDSO), a
method of separately introducing HCI, which is used as a catalyst, into hexamethyldisiloxane is also used, and in this
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method, surface modification is achieved, and at the same time, hexamethyldisiloxane fills pores, thereby converting a
hydrogel into an organic gel, but similarly, some of the introduced chlorine remains in a silica aerogel blanket finally
obtained.

[Reaction Equation 1]

OSi(CH3)3
o) 2 HCI
(HeCrSi” O SiCHe)y ~~— 2 (H,ChSi—c — 2

2 H,0

+ 2HCI

[0026] Meanwhile, the method for producing a silica aerogel blanket of the present invention does not use a compound
containing chlorine (Cl) during the manufacturing process, so that a hydrophobic silica aerogel blanket produced does not
contain residual chlorine.

[0027] The method for producing a silica aerogel blanket of the present invention is characterized by including 1)
preparing a silica sol containing a water glass solution, 2) impregnating the silica sol into a substrate for a blanket, 3)
preparing a wet gel by gelling the silica sol while the silica sol is impregnated into the substrate for a blanket, 4) immersing
the wet gel in an acid mixture aqueous solution containing acetic acid and an acid catalyst and surface modifying the wet
gel with an alkyldisiloxane-based compound, and 5) drying the surface-modified wet gel, wherein in Step 4) above, the
aceticacidis usedinanamountof 0.5Lto 10 L per 1 L of the wet gel, and the acetic acid concentration (w/w%) after Step 4)
above is 30% to 90%.

[0028] The method for producing a silica aerogel blanket of the present invention uses acetic acid, which is an
amphiphilic substance that can be dissolved in both water and an alkyldisiloxane-based compound used as a surface
modifier, together with an acid catalyst for promoting the protonation with respect to the alkyldisiloxane-based compound,
wherein the acetic acid is used in a predetermined amount based on the volume of the wet gel, the amount that allows the
acetic acid concentration [weight (W)/weight (W)] to satisfy a predetermined value after the surface modification of Step 4)
above, and thus, may exhibit an excellent surface modification rate and allow a silica aerogel blanket finally produced not to
contain residual chlorine.

1) Preparing silica sol containing water glass solution

[0029] The silica sol of Step 1) above may be prepared by mixing a water glass solution and an acid catalyst as a silica
precursor.

[0030] The water glass solution may be a diluted solution obtained by adding and mixing distilled water to water glass,
and the water glass may be sodium silicate (Na,SiO3), which is a alkali silicate salt obtained by melting silicon dioxide
(SiO,) and an alkali.

[0031] The water glass dispersion solution may contain 1 wt% to 13 wt% of silicon dioxide (SiO,). If the silicon dioxide is
contained in the water glass dispersion solution in a lower content than the above range, an aerogel may not be properly
formed, and when the silicon dioxide is contained in a higher content than the above range, gelation may not be facilitated,
or a specific surface area may be degraded.

[0032] Any one or more of organic acids and inorganic acids that do not contain chlorine in the compound molecular
structure may be used as the acid catalyst to exclude chlorine from a silica aerogel blanket finally produced, and for
example, the acid catalyst may be one or more selected from the group consisting of acetic acid, oxalic acid, nitric acid,
sulfuric acid, and hydrofluoric acid, and specifically, acetic acid, nitric acid, sulfuric acid, or a mixture of two or more thereof
may be used in consideration of an acid mixture aqueous solution used in the surface modification of Step 4) above.
[0033] The acid catalyst may be included in an amount which allows the pH of the silica sol to be 3 to 10. If the pH of the
silica sol is out of the above range, the gelation of Step 3) above may not be facilitated, or a gelation rate may be too fast or
slow, so that processability may be degraded.

2) Impregnating silica sol into substrate for blanket

[0034] Step 2) above is a step of impregnating the silica sol into a substrate for a blanket.

[0035] The substrate for a blanket according to an embodiment of the present invention may specifically be a porous
substrate in terms of improving the thermal insulation properties of a silica aerogel blanket. When a porous substrate for a
blanket is used, a silica sol easily penetrates into the substrate, thereby forming an aerogel uniformly inside the substrate
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for a blanket, so that a silica aerogel blanket produced may have excellent thermal insulation properties.

[0036] The substrate for a blanket which may be used according to an embodiment of the present invention may be a
film, a sheet, a net, a fiber, a foam, a non-woven body, or a laminate body of two or more layers thereof. Also, according to
the use of the substrate for a blanket, surface roughness may be formed or patterned on the surface thereof. More
specifically, the substrate for a blanket may be a fiber capable of further improving thermal insulation performance by
including a space or a void through which a silica aerogel may be easily inserted into the substrate for a blanket.
Furthermore, the substrate for a blanket may preferably have low thermal conductivity.

[0037] Specifically, the substrate for a blanket may be polyamide, polybenzimidazole, polyaramid, an acryl resin, a
phenolresin, polyester, polyetheretherketone (PEEK), polyolefin (e.g., polyethylene, polypropylene, a copolymer thereof,
or the like), cellulose, carbon, cotton, wool, hemp, a non-woven fabric, glass fiber, a ceramic wool, or the like. More
specifically, the substrate for a blanket in the present invention may be glass fiber.

[0038] Inaddition, according to an embodiment of the present invention, the impregnation may be performed by pouring
a silica sol into a reaction vessel including the substrate for a blanket or by wetting the substrate for a blanket with a silica
sol. At this time, in order to improve the bonding of the substrate for a blanket and the silica sol, the substrate for a blanket
may be lightly pressed down to be sufficientlyimpregnated. Thereafter, the base material for a blanket may be pressedtoa
predetermined thickness with a constant pressure to remove an excess of the silica sol, thereby reducing drying time.

3) Preparing wet gel by gelling silica sol while silica sol is impregnated into substrate for blanket

[0039] Step3)aboveisastepof producing ahydrophobic silicawet gel blanket, and the wet gel blanket may be produced
by leaving the silica sol impregnated in the substrate for a blanket to stand to be gelled.

[0040] Here, the gelation may be a sol-gel reaction, and the "sol-gel reaction" may be forming a network structure froma
silicon unit precursor material.

[0041] Here, the network structure may be a planar mesh structure in which specific polygons having one or more types
of atomic arrangement are linked to each other, or a structure in which specific polyhedrons share their vertices, edges,
faces, and the like with each other to form a three-dimensional skeletal structure.

[0042] The production method according to an embodiment of the present invention may further perform a step of aging
the silica wet gel blanket produced after the gelation of Step 3) above.

[0043] The agingis not particularly limited, but may be performed, for example, by leaving to stand for 1 hour to 24 hours
at room temperature (25 °C ) to a temperature of 90 °C .

[0044] The production method according to an embodiment of the present invention performs the aging after the silica
wet gel blanket is produced, so that the network structure of a wet gel in the silica wet gel blanket may be further firmly
formed, and accordingly, pore properties may be excellent.

4) Immersing wet gel in acid mixture aqueous solution containing acetic acid and acid catalyst and surface modifying
with alkyldisiloxane-based compound

[0045] In Step 4) above, a process is performed in which the wet gel is immersed in an acid mixture aqueous solution
containing acetic acid and an acid catalyst to be surface-modified with an alkyldisiloxane-based compound, thereby
forming a hydrophobic silica wet gel blanket.

[0046] Inone example of the present invention, a process of adding the acid mixture aqueous solution to the wet gel to
immerse the wet gel in the acid mixture aqueous solution and then adding the alkyldisiloxane-based compound to the wet
gel may be performed, and in another example of the present invention, a process of simultaneously adding the acid
mixture aqueous solution and the alkyldisiloxane-based compound together to the wet gel may be performed.

[0047] Regardless of the time of addition of the acid mixture aqueous solution and the alkyldisiloxane-based compound
added to the wet gel, the acid mixture aqueous solution containing water having a higher density than the alkyldisiloxane-
based compound is positioned downward, so that layer separation of an alkyldisiloxane-based compound layer in an
upper portion and an acid mixture aqueous solution layer in a lower portion is achieved. Even when the process of adding
the acid mixture aqueous solution and the alkyldisiloxane-based compound together to the wet gel is performed, the
hydrophobic alkyldisiloxane-based compound and the acid mixture aqueous solution containing water are separated into
different layers, and the wet gel containing moisture is positioned in the acid mixture aqueous solution layer, so that
immersion by the acid mixture aqueous solution is performed.

[0048] Inthe process of immersing the wet gel in the acid mixture aqueous solution, the acid mixture aqueous solution
enters the wet gel by diffusion, so that the moisture present in the wet gel comes out of the wet gel and moves to the acid
mixture aqueous solution layer. As described above, when the immersion by the acid mixture aqueous solution is
completed, the acid concentration inside the wet gel and the acid concentration of the acid mixture aqueous solution
outside the wet gel may be in equilibrium.

[0049] The acetic acid, which is an amphiphilic substance contained in the acid mixture aqueous solution, allows a trace
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amount of the alkyldisiloxane-based compound to be dissolved into the acid mixture aqueous solution at the interface
between the alkyldisiloxane-based compound layer and the acid mixture aqueous solution layer, so that the surface
modification of the wet gel is achieved by the alkyldisiloxane-based compound. In the process of achieving the surface
modification of the wet gel, the aqueous solution filling the wet gel is substituted with the alkyldisiloxane-based compound,
so that the wet gel is filled with the alkyldisiloxane-based compound, and the aqueous solution flows out of the wet gel and
moves to the acid mixture aqueous solution layer. When the immersion process and the surface modification process are
completed, the acid concentration inside the wet gel and the acid concentration outside the wet gel are in equilibrium.
[0050] The wet gel contains moisture, and thus, is initially positioned in the acid mixture aqueous solution layer, and as
the wet gel is filled with the alkyldisiloxane-based compound as the surface modification is achieved, the wet gel gradually
rises and moves to the alkyldisiloxane-based compound layer.

[0051] In an embodiment of the present invention, when hexamethyldisiloxane, for example, is used as the alkyldi-
siloxane-based compound in Step 4) above, a reaction as shown in Reaction Equation 2 below may be performed.

[Reaction Equation 2]

y OSi(CHs)s
0] O .
H+
(H3C)3Si/ \Sf(CHs)a“"“"" (H33)335/®\35(CH3)3W‘)' “ + (HaC)Si-OH + H*
:OH OSHCHz)s

(H3C)sSi-OH +

[0052] InStep4)above,the aceticacidis usedinanamountof0.5Lto10L per 1L ofthe wetgel, and specifically, may be
used inan amountof 0.5 Lt0 9.5L,05Lto9L,1Lto9L,2Lto9L,0or2Lto8L.

[0053] In addition, after Step 4) above, the acetic acid concentration (w/w%) may be 30% to 90%, specifically 40% to
80%, and more specifically 50% to 70%. When acetic acid is used in an amount that allows the concentration of the acetic
acid after Step 4) above to be 30% to 90%, the acetic acid may enable an effective contact between the hydrophilic wet gel
and the hydrophobic alkyldisiloxane-based compound to allow a smooth surface modification reaction to be achieved.
When the acetic acid concentration (w/w%) is low, a reaction between the hydrophilic wet gel and the hydrophobic
alkyldisiloxane-based compound may not be performed, so that the surface modification reaction may not be smoothly
achieved. In addition, if the acetic acid concentration is excessive, more acetic acid than necessary should be introduced,
so that economic feasibility may be degraded.

[0054] The acetic acid concentration (w/w%) after Step 4) above means the concentration of acetic acid included in an
acid mixture aqueous solution layer after Step 4) above, and may be represented by Equation 1 below. The concentration
of the acetic acid may be calculated by measuring the weight of water in the acid mixture aqueous solution layer after Step
4) above, and measuring the weight of the acetic acid in the acid mixture aqueous solution layer by gas chromatography
(GC). The weight of the water in the acid mixture aqueous solution layer may be measured using a Karl Fischer moisture
meter (Si Analytics Titro Line 7000).

Acetic acid concentration (w/w%) = Weight of acetic acid in acid mixture aqueous solution layer/
(weight of acetic acid in acid mixture aqueous solution layer + total weight of water in acid mixture [Equation 1]
aqueous solution layer) X 100

[0055] InStep4)above, the acid catalyst may satisfy the acid catalyst concentration (w/w%) after Step 4) above of 3% to
10%, specifically 4 to 9%, and more specifically 5% to 8%.

[0056] When the acid catalyst concentration satisfies the above range, protonation with respect to the alkyldisiloxane-
based compound is effectively promoted, so that an excellent surface modification reaction rate may be exhibited. When
the acid catalyst concentration is too low, the surface modification reaction rate is degraded, and the surface modification
reaction by the alkyldisiloxane-based compound is not sufficiently achieved, so that the degree of hydrophobicity of the wet
gel is degraded, and accordingly, the thermal conductivity of a silica aerogel blanket finally produced may increase. In
addition, when the acid catalyst concentration is too high, the oxidizing power of the acid catalyst increases to form
dangerous side reactants through a reaction with acetic acid, so that stability may be degraded.

[0057] The acid catalyst may be one or more selected from the group consisting of nitric acid, sulfuric acid, P-
toluenesulfonic acid, methanesulfonic acid, and trifluoromethanesulfonic acid.

[0058] Whenthe acid catalystincludes nitric acid, sulfuric acid, or a mixture thereof, the concentration of the acid catalyst
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may satisfy the above concentration range.

[0059] In addition, when the acid catalyst includes one or more selected from the group consisting of P-toluenesulfonic
acid, methanesulfonic acid, and trifluoromethanesulfonic acid, after Step 4) above, the concentration (w/w%) of the acid
catalyst may satisfy 3% to 10%, specifically 4% to 9%, and more specifically 5% to 8%.

[0060] Meanwhile, in one example of the present invention, in Step 4) above, a process of adding additional toluene to
the wet gel may be performed prior to the surface modification. When the toluene is additionally added, the toluene may be
added after adding the acid mixture aqueous solution to the wet gel but before adding the alkyldisiloxane-based compound
thereto, or may be added simultaneously with the acid mixture aqueous solution and the alkyldisiloxane-based compound.
[0061] When the toluene is additionally added in Step 4) above, the toluene may be included in the hydrophobic organic
solution layer. When sulfuric acid is used as the acid catalyst, and when toluene is added, P-toluenesulfonic acid is formed
through a reaction between sulfuric acid and toluene, and the P-toluenesulfonic acid acts as a catalyst to activate the
surface modification reaction by the alkyldisiloxane compound, so that a more excellent surface modification reaction rate
may be exhibited.

[0062] The concentration (w/w%) of an acid catalyst after Step 4) above means the concentration of an acid catalyst
contained in an acid mixture aqueous solution layer after Step 4) above, and may be represented by Equation 2 below. The
concentration of the acid catalyst may be calculated by measuring the weight of water in the acid mixture aqueous solution
layer after Step 4) above, and then measuring the weight of the acid catalyst in the acid mixture aqueous solution layer by
gas chromatography (GC).

Acid catalyst concentration (w/w%) = Weight of acid catalyst/(Weight of acid catalyst + Total weight of

water in acid mixture aqueous solution layer) X 100 [Equation 2]

[0063] As described above, when the process of performing immersion in the acid mixture aqueous solution is
completed, the acid concentration inside the wet gel and the acid concentration outside the wet gel are in equilibrium,
so that when the acid concentration of the acid mixture aqueous solution layer after the immersion is measured, it is
possible to identify the acid concentration inside the wet gel, and thus, may determine the acid concentration involved in
the surface modification.

[0064] After Step 4) above, the water contained in the acid mixture aqueous solution layer may be water which remains
after Step 4) above among water contained in the acetic acid aqueous solution and the acid catalyst, water contained in the
wet gel, and water derived from the hydrophilic hydrophobization reaction of the wet gel, and the total weight thereof may
be the total weight of the water in the acid mixture aqueous solution layer.

[0065] Step 4) above may be performed by a method in which after the process of immersing the wet gel in the acid
mixture aqueous solution is completed, the process of performing surface modification with the alkyldisiloxane-based
compound is sequentially performed.

[0066] The method for producing a silica aerogel blanket according to an embodiment of the present invention uses an
acid mixture aqueous solution containing acetic acid and an acid catalyst when immersing the wet gel in the acid mixture
aqueous solution in Step 4) above, and confirms whether the acetic acid concentration after Step 4) above satisfies the
aforementioned value while ensuring that the acetic acid satisfies a predetermined volume with respect to the wet gel, and
thus, may achieve surface modification quickly and sufficiently effective for a wet gel, especially a hydrogel prepared by
using a water glass solution.

[0067] The alkyldisiloxane-based compound may be introduced in a volume ratio of 1 to 3 times, specifically 1 to 2.5
times, and more specifically 1 to 2 times based on the volume of the wet gel.

[0068] The alkyldisiloxane-based compound needs to be introduced in a volume of 1 time or greater based on the
volume of the wet gel in order to modify the wet gel and perform solvent substitution of the wet gel, and When the
introduction amount of the alkyldisiloxane-based compound is increased, the size of the facility needs to be increased, so
that the alkyldisiloxane-based compound may be introduced in the above value range based on the volume of the wet gel.
[0069] The alkyldisiloxane-based compound may be a hexaalkyldisiloxane-based compound, specifically hexa (C4_g
alkyl)disiloxane, and more specifically, may be hexamethyldisiloxane.

[0070] The surface modification reaction may be performed at a temperature of 25 °C to 95 °C. In addition, a stirring
process may be performed in the process ofimmersing the wet gel in the aqueous acid mixture solution and the process of
surface modifying the wet gel with the alkoxydisiloxane-based compound.

[0071] At this time, the stirring is not particularly limited, but may be performed at a rate of, for example, 50 rpm to 700
rpm.

[0072] Inaddition, Step 4)according to an embodiment of the presentinvention may be performed for 2 to 24 hours, and
may preferably be performed for 4 to 22 hours or 8 to 20 hours in terms of improving the economic feasibility of the process
while maintaining the effect of surface modification at an excellent level.

[0073] Inthe production method according to an embodiment of the present invention, when Step 4) above is performed



10

15

20

25

30

35

40

45

50

55

EP 4 559 875 A1

by a method in which after the process of immersing the wet gel in the acid mixture aqueous solution is completed, the
process of performing surface modification with the alkyldisiloxane-based compound is sequentially performed, the
process of immersion in the acid mixture aqueous solution may be performed for 30 minutes to 4 hours, specifically 30
minutes to 3 hours, and more specifically 1 hour to 3 hours, and the process of performing surface modification with the
alkyldisiloxane-based compound may be performed for 1 hour and 30 minutes to 20 hours, specifically 3 hours to 19 hours,
and more specifically 6 hours to 18 hours.

5) Drying surface-modified wet gel

[0074] Step5)aboveis a step of preparing a hydrophobic silica aerogel blanket by drying the hydrophobic silica wet gel
blanket.

[0075] At this time, a washing step may be further performed before the drying. The washing is to obtain high purity
hydrophobic silica aerogel blanket by removing impurities (sodium ions, non-reactants, by-products, and the like)
generated during the reaction, wherein the washing may be performed by adding a non-polar organic solvent to the
hydrophobic silica wet gel and stirring the mixture for 20 minutes to 1 hour, but is not limited thereto.

[0076] The drying may be performed by a method such as atmospheric drying or supercritical drying, but is not limited
thereto. As an example, the atmospheric drying may be a method of drying at atmospheric pressure for 1 to 12 hours under
atemperature condition of 100 °C to 190 °C, and the supercritical drying is a method performed using CO, in a supercritical
state, wherein the atmospheric drying may have an advantage of being relatively simple and economical, and the
supercritical drying may have an advantage of effectively removing a fluid inside the gel.

[0077] The method for producing the hydrophobic silica aerogel blanket according to an embodiment of the present
invention may greatly improve the surface modification efficiency, and accordingly, may have physical properties such as
excellent pore properties, as well as high hydrophobicity, and thus, may secure thermal insulation performance at an
excellent level. Particularly, since the hydrophobization of an aerogel is performed under the chlorine-free (Cl-free)
condition in the method for producing a silica aerogel blanket according to an embodiment of the presentinvention, a silica
aerogel blanket finally produced may not contain chlorine or contain a minimal amount of chlorine, so that the possibility of
corrosion caused by the chlorine in a portion to which the silica aerogel blanket is applied may be excluded.

[0078] The silica aerogel blanket according to an embodiment of the present invention has a thermal conductivity of 12
mW/mK to 19 mW/mK, and a CI content of0 ppm to 500 ppm.

[0079] Specifically, the thermal conductivity of the silica aerogel blanket according to an embodiment of the present
invention may be 12 mW/mK or greater, 13 mW/mK or greater, 14 mW/mK or greater, 15 mW/mK or greater, or 16 m\W/mK
or greater, and 19 mW/mK or less, 18.5 mW/mK or less, or 18.3 mW/mK or less.

[0080] The silica aerogel blanket according to an embodiment of the present invention does not contain Cl derived from
an aerogel, but may include a small amount of Cl derived from the blanket substrate of the silica aerogel. Specifically, the Cl
content of the silica aerogel blanket according to an embodiment of the presentinvention may be 0 ppm to 500 ppm, ppm to
400 ppm, 0 ppm to 300 ppm, or O ppm to 200 ppm.

[0081] The silica aerogel blanket produced according to the production method according to an embodiment of the
presentinvention may be used in a variety of applications, including thermal insulation applications, including, forexample,
applications requiring thermal insulation at temperatures below 650 °C. For example, the silica aerogel blanket may be
used as an insulation material for a pipe, such as a double-casing pipe, and for insulation of aircraft and parts thereof,
insulation of buildings, insulation of spacecraft, insulation of automobiles, insulation of clothing, insulation of shoes, and
the like. The aerogel blanket may be used in the same manner as in a case in which an aerogel mat or a plurality of aerogels
are used.

[0082] Hereinafter, the presentinvention will be described in more detail with reference to Examples and Experimental
Examples. However, the following Examples and Experimental Examples are merely illustrative of the presentinvention,
and are not intended to limit the scope of the present invention.

Example 1

[0083] 33.8 g of water glass was diluted in 108.1 g of water to prepare a water glass solution, and 7.8 g of acetic acid
(97%) was added thereto to prepare a silica sol. The silica sol was impregnated into a glass fiber and then left to stand for 10
minutes to obtain a glass fiber composite impregnated with a wet gel.

[0084] An acid mixture aqueous solution prepared by mixing 140 g of acetic acid(>97%) and 15 g a nitric acid aqueous
solution of 70% (w/w%) was poured to the glass fiber impregnated with the wet gel to immerse the glass fiber in the acid
mixture aqueous solution in an oven at 60 °C for 2 hours while maintaining the temperature, and then 160 g of
hexamethyldisiloxane (HMDSO) was added thereto to perform a surface modification reaction in an oven at 75 °C for
16 hours while maintaining the temperature. At this time, the acetic acid in the acid mixture aqueous solutionwas usedinan
amount of 1 L based on the volume of 1 L of the wet gel, and the hexamethyldisiloxane was used in an amount of 1.2 L
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based on the volume of 1 L of the wet gel.
[0085] The produced hydrophobic silica wet gel blanket was recovered and then completely dried in a forced circulation
dryer at 150 °C for 4 hours to manufacture a hydrophobic silica aerogel blanket.

Example 2

[0086] A hydrophobic silica aerogel blanket was produced in the same manner as in Example 1, except that 10 g of
sulfuric acid of 98%(w/w%) was mixed instead of 15 g of the nitric acid aqueous solution of 70%(w/w%), and 10 g of toluene
and 140 g of hexamethyldisiloxane (HMDSO) were added instead of 160 g of hexamethyldisiloxane (HMDSO).

Example 3

[0087] A hydrophobic silica aerogel blanket was produced in the same manner as in Example 1, except that 17.6 g of p-
toluenesulfonic acid of 98%(w/w%) was mixed instead of 15 g of the nitric acid aqueous solution of 70%(w/w%).

Example 4

[0088] A hydrophobic silica aerogel blanket was produced in the same manner as in Example 1, except that 9.8 g of
methanesulfonic acid of 99%(w/w%) was mixed instead of 15 g of the nitric acid aqueous solution of 70%(w/w%).

Example 5

[0089] A hydrophobic silica aerogel blanket was produced in the same manner as in Example 1, except that 15.3 g of
trifluoromethanesulfonic acid of 98%(w/w%) was mixed instead of 15 g of the nitric acid aqueous solution of 70%(w/w%).

Example 6

[0090] A hydrophobic silica aerogel blanket was produced in the same manner as in Example 1, except that when
preparing the acid mixture aqueous solution in Example 1 above, the acetic acid in the aqueous acid mixture solution was
usedinanamountof 1.3 L based on the volume of 1 L of the wet gel by changing the content of the acetic acid(>97%) to 185
g, and adilute nitric acid aqueous solution prepared by mixing 20 g of a nitric acid aqueous solution of 70%(w/w) with 95 g of
water was used instead of the nitric acid aqueous solution of 70%(w/w%) .

Example 7

[0091] A hydrophobic silica aerogel blanket was produced in the same manner as in Example 1, except that when
preparing the acid mixture aqueous solution in Example 1 above, the acetic acid in the aqueous acid mixture solution was
usedinanamountof 0.6 L based on the volume of 1 L of the wet gel by changing the content of the acetic acid(>=97%) to 168
g, and adilute nitric acid aqueous solution prepared by mixing 20 g of a nitric acid aqueous solution of 70%(w/w) with 95 g of
water was used instead of the nitric acid aqueous solution of 70%(w/w%) .

Example 8

[0092] A hydrophobic silica aerogel blanket was produced in the same manner as in Example 1, except that when
preparing the acid mixture aqueous solution in Example 1 above, the acetic acid in the aqueous acid mixture solution was
used in anamountof 4.0 L based on the volume of 1 L of the wet gel by changing the content of the acetic acid(>97%) to 333
g, and adilute nitric acid aqueous solution prepared by mixing 20 g of a nitric acid aqueous solution of 70%(w/w) with 95 g of
water was used instead of the nitric acid aqueous solution of 70%(w/w%) .

Example 9

[0093] A hydrophobic silica aerogel blanket was produced in the same manner as in Example 1, except that when
preparing the acid mixture aqueous solution in Example 1 above, the acetic acid in the aqueous acid mixture solution was
used in an amount of 7.0 L based on the volume of 1 L of the wet gel by changing the content of the acetic acid(=97%) to
359.9 g, and a dilute nitric acid aqueous solution prepared by mixing 20 g of a nitric acid aqueous solution of 70%(w/w) with
95 g of water was used instead of the nitric acid aqueous solution of 70%(w/w%).

10
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Comparative Example 1

[0094] Ahydrophobicsilica aerogel blanketwas produced inthe same mannerasin Example 1, exceptthatin Example 1
above, 140 g of hydrochloric acid of 35 wt% was only used instead of the acid mixture aqueous solution in which the acetic
acid and the nitric acid aqueous solution were mixed.

Comparative Example 2

[0095] 33.8 g of water glass was diluted in 108.1 g of water to prepare a water glass solution, and 7.8 g of acetic acid
(97%)was added thereto to prepare asilica sol. The silica sol was impregnated into a glass fiber and then left to stand for 10
minutes to obtain a glass fiber composite impregnated with a wet gel.

[0096] 107 goftrimethylchlorosilane (TMCS)was added to the glass fiber impregnated with the wet gel, and the surface
modification reaction was performed in an oven at 75 °C for 16 hours while maintaining the temperature.

[0097] The produced hydrophobic silica wet gel blanket was recovered and then completely dried in a forced circulation
dryer at 150 °C for 4 hours to manufacture a hydrophobic silica aerogel blanket.

Comparative Example 3

[0098] A hydrophobic silica aerogel blanket was produced in the same manner as in Example 1, except that when
preparing the acid mixture aqueous solution in Example 1 above, the acetic acid in the aqueous acid mixture solution was
used in an amount of 0.5 L based on the volume of 1 L of the wet gel by changing the content of the acetic acid(>97%) to 70
g, and a dilute nitric acid aqueous solution prepared by mixing 20 g of a nitric acid aqueous solution of 70%(w/w) with 100 g
of water was used instead of the nitric acid aqueous solution of 70%(w/w%) .

Experimental Examples

1) Acetic acid concentration after immersion

[0099] Ineachof Examples 1to9and Comparative Examples 1 to 3, the weight of the water in the acid mixture aqueous
solution after the acid immersion was measured using a Karl Fischer moisture meter (Si Analytics Titro Line 7000).
[0100] The amount of the acetic acid in the acid mixture aqueous solution after the acid immersion was obtained using
gaschromatography (GC) analysis.

- Column: AT-1000

- Gas flow rate: Column(He) 4 mL/min

- Oven temperature: Initial Value & Time 40 °C, 5 minutes

- Injector temperature: 250 °C

- Detector temperature: 270 °C

Acetic acid concentration after acid immersion = Weight of acetic acid/(Weight of acetic acid + Weight of water X 100

2) Measurement of thermal conductivity (mW/mK)

[0101] The room-temperature (about 23 °C) thermal conductivity of the silica aerogel blanket produced in each of
Examples 1 to 9 and Comparative Examples 1 to 3 was measured using HFM 436 equipment of NETZSCH Co.

3) Measurement of Cl residual amount
[0102] The amount of residual Cl was measured for the silica aerogel blanket produced in each of Examples 1 to 9 and

Comparative Examples 1 to 3 by using a combustion ion chromatography (IC) system (AQF-2100H, ICS-3000, Thermo
Fisher Scientific Co.).

11
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[Table 1]
. Aceti c Surface modifier
Aceti c acid
acid conce Therma |
Classificat ion Amoudn t ntrat ion Typet Olf a?d Amount cc;niuc Cl conten t
use aftor catalys Type used (L/1L- ivity
gel) immer
9 sion (%)
Hexamet 50 oM or
Example 1 1 51.2 Nitric acid | hyldisi lox- 1.2 17.1 EZS
ane
Hexamet 50 pom or
Example 2 1 512 | Sulfuricacid | hyldisi lox- 12 18.1 |pepss
ane
-toluene Hexamet 50 ppm or
Example 3 1 51.2 PTOMEN® 1 hyidisi lox- 1.2 17.4 pp
sulfonic acid less
ane
Hexamet
Example 4 1 51.2 Methane |\ disi lox- 1.2 17.5 50 ppm or
sulfonicacid less
ane
. Hexamet
Example 5 1 51 | THAUOTOSUR | ox- 1.2 17.7 50 ppm or
fo nic acid less
ane
Hexamet 50 oo or
Example 6 13 44.0 Nitric acid | hyldisi lox- 12 171 |pepss
ane
Hexamet 50 oo or
Example 7 0.6 40.0 Nitric acid | hyldisi lox- 1.2 17.8 IF;ZS
ane
Hexamet 50 oM oF
Example 8 4.0 79.2 Nitric acid | hyldisi lox- 1.2 18.0 Ir;pss
ane
Hexamet 50 oo or
Example 9 7.0 85.6 Nitric acid | hyldisi lox- 12 17.9 I'Zpss
ane
. Hexamet Greate r
Comparative - - Hydroch lo- | ) i fox- 1.2 17.8 than 5,000
Example 1 ric acid
ane ppm
Comparative Trimeth yl- Greater
P - - - chlor osi- 1.2 17.3 than 5,000
Example 2
lane ppm
Comparative Hexamet 50 ppm or
P 05 228 Nitric acid | hyldisi lox- 1.2 24.5 PP
Example 3 ane less

[0103] Examples 1 to 9 produced silica aerogel blankets by a production method in which an acid mixture aqueous
solution using acetic acid and an acid catalyst was used, the amount of acetic acid used satisfied the condition of 0.5t0 10 L
for 1L of awet gel, and after the acidimmersion, the acetic acid concentration (w/w%) of the acid mixture aqueous solution
layer satisfied 30% to 90%, and it was confirmed that silica aerogel blankets having low thermal conductivity and
containing only Cl of 50 ppm or less were produced.

[0104] Comparative Example 1is an example of using hydrochloric acid instead of an acid mixture aqueous solution of
acetic acid and an acid catalyst, and Comparative Example 2 is an example of using trimethylchlorosilane as a surface

12
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modifier component, and it was confirmed that chlorine of greater than 5,000 ppm remained in the silica aerogel blanket
finally produced since a compound containing chlorine was used in the production process of the silica aerogel blanket.
When residual chlorine is contained in a silica aerogel blanket as described above, the residual chlorine causes corrosion
in a portion to which the silica aerogel blanket is applied when applying the silica aerogel blanket, so that it was confirmed
that Comparative Examples 1 and 2 would not provide long-term stability and durability. In addition, Comparative Example
3isanexamplein which the amountof acetic acid used satisfied 0.5 L per 1 L of the wet gel, but after the acid immersion, the
acetic acid concentration (w/w%) of the acid mixture aqueous solution layer was as low as 22.8%, and it was confirmed that
although ClI of 50 ppm or less was only detected, the thermal conductivity was high since the surface modification was
smoothly achieved due to the lack of the acetic acid.

[0105] In contrast, the silica aerogel blankets of Examples 1 to 9 contain only a minimal amount of Cl derived from the
glassfiberused as the substrate for a blanket while exhibiting low thermal conductivity, and thus, were confirmed to be able
to provide excellent stability and durability when applied.

Claims
1. A method for producing a silica aerogel blanket, the method comprising:

1) preparing a silica sol containing a water glass solution;

2) impregnating the silica sol into a substrate for a blanket;

3) preparing a wet gel by gelling the silica sol while the silica sol is impregnated into the substrate for a blanket;
4) surface-modifying the wet gel with an alkyldisiloxane-based compound while immersing the wet gel in an acid
mixture aqueous solution containing acetic acid and an acid catalyst; and

5) drying the surface-modified wet gel,

wherein in Step 4) above, the acetic acid is used in an amount of 0.5 L to 10 L per 1 L of the wet gel, and the acetic acid
concentration(w/w%) after Step 4) above is 30% to 90%.

2. Themethod for producing a silica aerogel blanket of claim 1, wherein the acid catalyst is one or more selected from the
group consisting of nitric acid, sulfuric acid, P-toluenesulfonic acid, methanesulfonic acid, and trifluoromethanesul-

fonic acid.

3. Themethod forproducing a silica aerogel blanket of claim 1, wherein the acid catalyst concentration (w/w%) after Step
4) above is 3% to 10%.

4. The method for producing a silica aerogel blanket of claim 1, wherein:

the acid catalyst comprises nitric acid, sulfuric acid, or a mixture thereof; and
the acid catalyst concentration (w/w%) after Step 4) above is 5% to 10%.

5. The method for producing a silica aerogel blanket of claim 1, wherein:
the acid catalyst comprises one or more selected from the group consisting of P-toluenesulfonic acid, metha-
nesulfonic acid, and trifluoromethanesulfonic acid; and

the acid catalyst concentration (w/w%) after Step 4) above is 3% to 10%.

6. The method for producing a silica aerogel blanket of claim 1, wherein in Step 4) above, a process of adding additional
toluene to the wet gel is performed prior to the surface modification.

7. The method for producing a silica aerogel blanket of claim 1, wherein in Step 4) above, after the process of immersing
the wet gel in the acid mixture aqueous solution is completed, the process of performing surface modification with the
alkyldisiloxane-based compound is sequentially performed.

8. The method for producing a silica aerogel blanket of claim 1, wherein in Step 4) above, the acid mixture aqueous
solution and the alkyldisiloxane-based compound are sequentially introduced into the wet gel, or the acid mixture

aqueous solution and the alkyldisiloxane-based compound are simultaneously introduced into the wet gel.

9. The method for producing a silica aerogel blanket of claim 1, wherein in Step 4) above, the alkyldisiloxane-based
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compound is added in a volume ratio of 1 to 3 times based on the volume of the wet gel.

The method for producing a silica aerogel blanket of claim 1, wherein the alkyldisiloxane-based compound is hexa
(C4_g alkyl) disiloxane.

The method of claim 1, wherein the method for producing a silica aerogel blanket is performed under the chlorine-free
condition.

A silica aerogel blanket having a thermal conductivity of 12 mW/mK to 19 mW/mK, and a Cl content of 0 ppm to 500
ppm.

The silica aerogel blanket of claim 12, wherein
the silica aerogel blanket has a Cl content of 0 ppm to 200 ppm.

14
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